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s.2013.10Abstract Replacement of 15% protein from soybean meal in Diet II was feasible for the stinging
cat ﬁsh, Heteropneustes fossilis and no signiﬁcant differences in growth parameters were found in
ﬁsh fed soybean meal-based diets compared to those fed control diet (Diet I). Live weight gain per-
cent (165%) obtained in ﬁsh fed soybean meal based diet was not signiﬁcantly different to that
achieved (171%) in ﬁsh fed Diet I. Speciﬁc growth rate percent, SGR (2.79%), feed conversion ratio
FCR (1.40) and protein efﬁciency ratio PER (1.79) recorded in ﬁsh fed Diet II were also more less
comparable to those fed control diet. Mortality was not recorded in the period of the feeding trial.
Body composition of the ﬁsh fed soybean meal based diet (Diet II) was also comparable to that fed
control diet. Signiﬁcantly higher fat content was noted in ﬁsh fed Diet II. However, the protein con-
tents were not changed in ﬁsh fed Diet I and II. Similarly, no signiﬁcant differences (P> 0.05) in
protein productive value were noted between the two groups. However, ash content differed signif-
icantly (P< 0.05) in ﬁsh fed Diet I and II. Although soybean meal-based diet depressed growth and
feed conversion efﬁciencies of the ﬁsh to some extent, inclusion of soybean meal was found to be
cost-effective alternative to ﬁsh meal.
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Land resources are not adequate enough to satisfy the growing
demand for food; therefore, universal requirement for aquatic
food products is rising, the population from capture ﬁsheries
have exceeded the limits and most of the ﬁshing areas have
met its maximum potential. Fish and ﬁsheries have contributed
the food security and fought against poverty driven hunger in
Asia. An additional 37 million tons of food ﬁsh will be re-
quired by 2020 to meet the needs of the growing population,
with changing dietary habits due to increasing income levels.
Production from capture ﬁsheries has reached a plateau, withing Saud University.
84 M.I. Siddiqui et al.most ﬁsheries having reached their maximum sustainable
yields or being over exploited (worldﬁsh.catalog.cgiar.org).
In addition to contributing to nutritional security, the ﬁsh-
ery sector has been providing employment to over 35 million
people in Asia directly and many more when the support sec-
tor is included. Today ﬁsh is the internationally most traded
commodity with an estimated amount of US$63 billion. The
exports of ﬁsh and ﬁsheries products from developing coun-
tries exceeded those of meat, dairy, cereals, sugar, coffee, to-
bacco and oilseeds. About 40% of global ﬁsh production
was traded across countries in 1998 as compared to 10% of
meat production (Fagbenro and Davies, 2001). Feed is a vital
component of aquaculture and protein remains its most expen-
sive constituent. Fish meal forms the basis of good ﬁsh growth
due of its protein quality and palatability. Fish meal is rela-
tively scarce and very expensive, especially commercially avail-
able brands hence, it raises the cost of catﬁsh production and
its nutritional value is also very high (Weerd, 1995). As in most
aquaculture programs, reducing feeds cost is a permanent con-
cern due to its direct impact on the cost of production.
In order to reduce the feed cost, the use of ﬁsh meal has to
be reduced. This can be achieved by replacing current ﬁsh meal
with some suitable alternatives. Soybean meal has high protein
content and the best protein quality among plant protein feed-
stuffs used as alternative protein sources in ﬁsh diets (Lovell,
1988; Rumsey, 1993). There is no published data in the scien-
tiﬁc literature relating the use of soybean meal in the diet of
Heteropneustes Fossilis. Therefore, the present study was
aimed at evaluating the effect of soybean meal protein on
growth, feed conversion efﬁciency and survival of the ﬁnger-
ling H. Fossilis.
2. Materials and methods
Fingerling H. Fossilis were procured from a local ﬁsh market
and stocked in 55 l polyvinyl troughs. Two isonitrogenous
(40% CP) and isocaloric (4.28 kcal/100 g) diets were formu-
lated using ﬁsh meal, soybean meal, mustard oil cake and
wheat bran. Crude protein content in the diet was ﬁxed at
40% on the basis of earlier available information (Niamat
and Jafri, 1984). In Diet I, 30% of the protein was contributed
by ﬁsh meal alone whereas in Diet II the same amount was
contributed by the inclusion of ﬁsh meal and soybean meal
protein in equal proportions (Table 1). Remaining 10% of
the protein in both the diets was contributed by inclusion of
equal amounts of protein from wheat middlings and mustard
oil cake. Defatted soybean meal was used to replace the ﬁshTable 1 Composition of experimental diet.
Ingredients (g/100 g dry diet) Diets I Diets II
Fish meal 39.42 19.71
Soybean meal – 33.60
Mustard oil cake 24.29 24.29
Wheat middlings 14.29 14.29
Proximate composition of the diet
Protein (%) 40.02 40.98
Fat (%) 2.96 3.87
Ash (%) 3.14 4.11
Moisture (%) 51.23 55.61meal in Diet II. All ingredients were ﬁnely ground, mixed
and cooked at 80 C. The dough thus obtained was cut into
small cubes and stored in sealed plastic boxes in freezer at
4 C until used. Fingerling H. Fossilis (6.22 ± 0.01 cm,
9.1 ± 0.02 g) were sorted out from the acclimatised lot stocked
in triplicate groups at the rate 10 ﬁsh each in 55 l high density
polyvinyl ﬂow through (1–1.5 l/min) circular trough. Fishes
were fed with the experimental diets six days a week in the
form of moist cake, twice daily at 800 and 1600 h, to apparent
satiation. Left over diet, if any, was siphoned over a ﬁlter
screen, dried in a thermostat for 24 h and reweighed to mea-
sure the total amount of food consumed. Faecal matter was si-
phoned off from the experimental trough daily. Scrubbing and
cleaning of troughs were done at the time of weekly measure-
ments. Initial and weekly mass weights of ﬁsh from each
trough were recorded on an electronic balance.
Approximate composition of ingredients, experimental
diets, and initial and ﬁnal carcass was estimated using standard
methods of AOAC (1995) for dry matter (oven drying at
105 ± 1 C for 22 h.), crude protein (N-Kjeldhal X 6.25),
crude fat (solvent extraction with petroleum ether B.P 40–
60 C for 12–14 h.) and ash (oven incineration at 650 C for
4–6 h) following Singh and Khan (2006).
Protein was estimated by a slight modiﬁcation of the
Wong’s micro-kjeldahl method as adopted by Jafri et al.
(1964). 100 mg of dry powdered sample was treated with
5 ml diluted (1:1) sulphuric acid in Kjeldahl ﬂask and boiled
for a few minutes till fumes disappeared. After cooling,
0.5 ml saturated potassium per sulphate solution was added
to oxidise the digesting mixture. The digestion was continued
till the solution in the Kjeldahl ﬂask became water clean, indi-
cating that all the nitrogenous materials present in the sample
have been converted into ammonium sulphate. The clean solu-
tion was diluted to 50 ml with distilled water. 0.5 ml aliquot of
the digested sample was mixed with 0.1 ml each of dilute (1:1)
sulphuric acid and saturated potassium per sulphate the con-
tent was raised to 3 ml with distilled water. This was then ness-
lerised with 7 ml Nessler’s reagent. The solution was kept at
room temperature for 10 min for complete colour develop-
ment. A blank was prepared, side-by-side, substituting the ali-
quot with distilled water. The colour was read on a
spectrophotometer at 480 nm. The intensity of colour devel-
oped was proportional to the amount of ammonium sulphate
contained in the solution. The values of optical density ob-
tained for various samples were read off against a standard cal-
ibration curve prepared by taking readings of a series of
different dilutions containing different grades of known
amount of nitrogen in stock solution.
Crude protein was calculated by multiplying the nitrogen
value with protein factor (6.25). The values were recorded as
percentage on dry weight basis.
A known quantity of sample was taken in petri-dish (with
known weights) and placed in hot air oven at 100 C for
24 h. The petri-dish containing the dried sample was cooled
to room temperature in a desiccator and reweighed to ensure
that the sample had become completely dried, the entire pro-
cess was repeated till a constant weight was obtained.
The loss in weight gave an index of water from which its
percentage was calculated. A known quantity of sample was
taken in a pre-weighed vitreosil crucible, dried in hot air oven
(100 C) and ignited in mufﬂe furnace (650 C) for 2–3 h till
the sample became carbon-free. The crucible was cooled in
Table 3 Body composition of ﬁngerling H. fossilis fed
soybean meal based diet.
Diet I Diet II
Moisture 76.82 ± 0.03a 77.71 ± 0.02b
Protein 15.69 ± 0.03a 15.36 ± 0.02a
Fat 2.79 ± 0.02a 3.21 ± 0.05b
Ash 3.09 ± 0.06a 3.94 ± 0.07b
Protein productive value 0.34 ± 0.01b 0.32 ± 0.03b
Mean values of 3 replicates ± SEM. Mean values with the same
superscripts are insigniﬁcantly different (P> 0.05).
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result was expressed as percentage on dry weight basis. For the
estimation of crude fat, continuous soxhlet extraction tech-
niques, using petroleum ether (40–60 C B.P) was employed
(Harwood and Moody, 1989). A weighed quantity of ﬁnely
powdered and dried sample was taken in Whatman ﬁlter paper
and introduced into the soxhlet.
The extraction was carried out for about 10–12 h. At the
end of extraction, the solvent was recollected and the ﬂask
gave the quantity of crude fat extracted from the known
weight of the sample. The results were expressed as percent
on dry basis.
Moisture%= [(Initial weight  Final weight)/Weight of
the sample} · 100
Growth performance of the experimental diets was mea-
sured following Khan and Abidi (2007) as a function of the
weight gain by calculating following parameters:
% Live weight gain = (Final body weight  Initial body
weight/Initial body weight) · 100
PER=Weight gain/Protein fed
FCR= Feed fed/Weight gain
Survival Rate (SR%) = (Final number of ﬁsh/Initial num-
ber of ﬁsh) · 100
Protein productive value (PPV) = Protein gain/Protein fed.
3. Results
Results of 6 weeks feeding trial are depicted in Table 2. It was
noted that inclusion of 15% of ﬁsh protein with soybean meal
(Diet II) was feasible for H. fossilis without signiﬁcant differ-
ences in growth parameters compared to those fed with control
diet (Diet I). Live weight gain percent (165%) obtained in ﬁsh
fed soybean meal based diet was not signiﬁcantly different to
that achieved (171%) in ﬁsh fed with Diet I. Speciﬁc growth
rate percent, (SGR) (2.79%), feed conversion ratio (FCR)
(1.40) and protein efﬁciency ratio PER (1.79) recorded in ﬁsh
fed with Diet II were also comparable to those fed with control
diet. No mortality was recorded during the period of the feed-
ing trial.
Body composition of the ﬁsh fed with soybean meal based
diet (Diet II) was also comparable to that fed with control diet
(Table 3). Signiﬁcantly higher fat content was noted in ﬁsh fed
with Diet II. However, the protein content remained almost
unchanged in ﬁsh fed with Diet I and II. Similarly, no signiﬁ-
cant differences (P> 0.05) in protein productive value were
noted between the two groups. However, ash content differed
signiﬁcantly (P< 0.05) in ﬁsh fed with Diet I and II.Table 2 Growth, conversion efﬁciencies and survival of
ﬁngerling H. fossilis fed soybean meal based diet.
Diet I Diet II
Average initial weight (g)a 4.01 ± 0.02 4.50 ± 0.01
Average ﬁnal weight (g)a 10.89 ± 0.04 11.99 ± 0.04
Live weight gain (%)a,b 171.45 ± 4.2a 165.33 ± 12.8b
Food conversion ratio1ry ss 1.37 ± 0.01a 1.40 ± 0.01b
Speciﬁc growth rate% 2.85 ± 0.08a 2.79 ± 0.02a
Protein eﬃciency ratio1’2’5 1.82 ± 0.01 1.79 ± 0.02
Percentage survival 100 100
a Mean values of 3 replicates ± SEM.
b Mean values sharing the same superscripts are insigniﬁcantly
different (P> 0.05).4. Discussion
Feed cost is maximum in aquaculture, ranging from 30% to
60% of variable operating costs, depending on the intensity
of the operation (Riaz, 1997). The manipulation of feed formu-
lation with respect to ingredient costs, nutrient proﬁle and
digestibility can result in signiﬁcant reduction in feed costs.
This can also assist in lowering the dependence on expensive
ﬁsh meal. The use of plant protein materials in ﬁsh diets is rec-
ommended because of low prices and regular availability (Lov-
ell, 1988).
The nutritional prospects and the potential of soybean meal
as protein source for the ﬁsh feeds have been studied in myriad
studies (Pongmaneerat and Watanabe, 1992; Watanabe and
Pongmaneerat, 1993; Oliva-Teles et al., 1998; Olli and Krog-
dahl, 1994; Refstie et al., 1997; Bhosale et al., 2010; Ahmed
et al., 2012). The maximum level of soybean meal inclusion
in diet has been limited up to 20% for rainbow trout (Oliva-
Teles et al., 1998). Incorporation of more than 20% soybean
meal in the diet is found to suppress growth, mainly through
a reduction of feed intake (Fowler, 1980; Pongmaneerat and
Watanabe, 1992). A number of ﬁndings have suggested the
palatability problems for the feeds when SBM was included
in the diets (Fowler, 1980; Hajen et al., 1993) this effect is more
important for the ﬁrst period of ﬁsh feeding (Ahmed et al.,
2012; Refstie et al., 1997,). However, increasing soybean meal
up to 20% was found to be acceptable as observed in the pres-
ent study which is in conformity to the ﬁndings of others
(Watanabe and Pongmaneerat, 1993; Sanz et al., 1994). There
are differences in the maximum dietary levels of soybean meal
tolerance in different species (Bhosale et al., 2010; Kaushik
et al., 1995; Nengas et al., 1996; McGoogan and Gatlin,
1997; Refstie et al., 2000; Khan et al., 2003). During the pres-
ent study, it was observed that the soybean meal-based diet
was readily accepted by H. Fossilis. The peculiar taste in soy-
bean meal, like the other vegetable foodstuffs, affects diet
acceptance, probably due to the presence of some organic sub-
stances (Price and Fenwick, 1984) such as in seabass (Lates
calcarifer), solvent-extracted soybean meal is more palatable
than the full-fat soybean meal (Adelizi et al., 1998; Boonyarat-
palin et al., 1998).
Findings on replacement of ﬁsh meal by plant protein
sources usually are based on growth, feed utilisation and sur-
vival of ﬁsh in response to the substitution level (Lech and
Reigh, 2012; Nguyen and Davis, 2009). Plant protein sources
are not easily digested, due to anti-nutritional factors and an
imbalanced amino acid proﬁle, possibly leading to loss of
nutrients either in egesta or metabolic excretion. However,
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apparent during the present trial indicating the suitability of
incorporating soybean meal protein at 15% of the diet for ﬁn-
gerling H. Fossilis. Studies have shown that diet with soybean
meal substituting 37.5% of ﬁsh meal protein gave an accept-
able growth, though with a slight growth difference in compar-
ison to that of ﬁsh fed with a ﬁsh meal based diet
(Boonyaratpalin et al., 1998; Ogunkoya et al., 2007). In the
present study, ﬁsh fed with diet replacing 15% ﬁsh meal by
soybean meal (Diet II) resulted in almost similar growth per-
formance. Soybean meal, though considered as the best plant
protein source with regard to amino acid proﬁle, may have
insufﬁcient methionine for meeting the essential amino acid
need of the ﬁsh (Tantikitti et al., 2005). Inclusion of soybean
meal at 15% of the protein in the present experiment possibly
did not had any negative impact on the growth and conversion
efﬁciencies of the ﬁsh whereas at higher levels it causes methi-
onine insufﬁciency causing slower growth, reduced feed con-
version efﬁciency and less protein utilisation. This is in
conformity with the previous ﬁndings where 20% dehulled
soybean meal was used in diet of young tin barb replacing
50% of ﬁsh meal (Choi et al., 2004; Elangovan and Shim,
2000; Tantikitti et al., 2005).
5. Conclusion
Since the inclusion of soybean meal by replacing ﬁsh protein
meal at 15% of the protein in the present experiment did not
have any negative impact on the growth and feed conversion
efﬁciencies of the ﬁsh, it is concluded that soybean meal can
be used as an excellent alternative to ﬁsh meal for developing
cost effective diets for ﬁngerling H. Fossilis.
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